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1. Discussion {#s0005}
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World Health Organization (WHO) declared severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), hereafter virus, which causes novel Coronavirus disease 2019 (COVID-19), as a global pandemic on 12 March 2020 ([@bb0145]). As of 22 April 2020, this disease has infected 2,558,959 people and causing 177,704 mortalities across 210 countries and territories, making it one of the most serious public health threat to humanity in the world\'s history ([@bb0150]). Till current, there are no therapeutic drug and vaccines to treat/stop the spread of COVID-19, thereby, the only approach would reduce the transmission of the virus by practicing protective measures. Social distancing, quarantine, handwashing and disinfection, especially in outdoor environments are among some of the common preventive approaches that the world could use ([@bb0130]). Following these measures, the US Centers for Disease Control and Prevention (CDC) recommended wearing of locally made facial cloth covers in public settings except for children with less than two years old and those with breathing difficulties ([@bb0045]). Public Health Agency of Canada (PHAC) advised that respiratory droplets are deemed as one of the main routs of virus transmission (yet does not constitute the cause of all COVID-19 diseases) ([@bb0105]). This has been further confirmed by [@bb0140] that droplet particles with aerodynamic diameter of \>5 to 10 μm of someone who has respiratory symptoms (e.g. coughing or sneezing) could carry the virus and may cause COVID-19 disease. However, a study has argued that liquid droplet aerosols (\>0.8 μm) generated during exhalation could evaporate, become smaller (by shrinkage) and easily transported by airflow ([@bb0090]). The subsequent study concluded that the virus is transmitted by air and could serve important information in developing more reliable measures of reducing the spread of the virus in amid of vaccine developments ([@bb0085]). Based on the above findings, the following measures of removing liquid droplets and airborne particles in indoor environments have been recommended. These include (1) improving ventilation rates, (2) adoption of natural ventilation, and (3) personalized-ventilations personalized-exhaust system (PV-PE) for micro-environments such as workplaces ([@bb0110]). While these measures may work well in countries with tropical and temperate climatic conditions, the situation in most Middle Eastern arid countries with extremely high predicted maximum ambient temperate (about 38--42 °C) and humidity (\>90%) levels during the long summer (April--September) season will be different ([@bb0005]; [@bb0100]).

This is because of the buildings in these countries have been designed to suit these harsh outdoor weather conditions. The architectural designs of these buildings do not allow natural and mechanical ventilations but rather only air conditioning systems to maintain indoor thermal comfort ([@bb0010]). Several studies from these Middle Eastern countries have revealed poor indoor building ventilation levels in most homes, public settings and offices ([@bb0025]; [@bb0020]). The maximum ventilation rates in liter per second per person (l/s/p) of 5 ([@bb0030]), 3 ([@bb0060]) and air exchange velocity of 0.04 m/s ([@bb0070]) in most school buildings, restaurants and offices failed to meet the American Society of Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) limits of 8 l/s/p and 0.18--0.25 m/s, respectively. Besides, the average low indoor temperature of 23.1 °C in most public buildings due to overconsumption of air-conditioners may be an important factor for viral activation ([@bb0070]). Similar findings have been revealed by another study, where most severe acute respiratory syndrome coronavirus (SARS-CoV-1) seems inactivated on surfaces at the temperature of 40 °C compared to 20 °C ([@bb0040]). These limited buildings ventilation systems and favorable cold indoor environments from Middle Eastern countries may be a major contributor to the spread of the virus especially in airports, shopping malls, mosques, offices and residential buildings. While there are not any current scientific data supporting this assertion, additional research works are urgently needed to understand the impact of building ventilation rates and the transmission of the virus in indoor environments in these countries.

Recent epidemiological studies have evident the transmission of SARS-CoV-2 viruses in several indoor environments. On 26 January 2020, [@bb0075] assessed air-conditioning system (airflow) and transmission of the virus in an indoor environment (restaurant) in China. The results indicated that most people who ate at the restaurant contracted the virus due to high airflow of the central air-conditioning system, and recommended the need for improvement of indoor air temperature and ventilation rate ([@bb0075]). Also, from 4 January to 11 February 2020, among a total of 318 COVID-19 disease outbreaks constituting 1245 active cases, outbreaks from indoor environments (79.9%) were found to be the highest compared to transport environments (34%), therefore, it emphasizes the need for epidemiological studies to concentrate on indoor environments ([@bb0115]). However, it is difficult to conclude that such transmissions were mainly attributed to poor indoor environmental conditions.

In Italy, it was revealed that the expiratory viral load (based on quanta emission rate estimates) of a virus-infected person due to speaking and breathing were 320 and 10.5 quanta/h, respectively. However, depending on the nature of activities including resting, standing and light exercises, the viral load could range from 33.9--1030 quanta/h ([@bb0035]). Based on the above scientific findings, it is evident that indoor transmissions of the virus in Middle East countries may be high, especially could be exacerbated by their unfavorable indoor environmental conditions (low ventilation and low indoor air temperature) ([@bb0025]). Now the question is, what will be the behavior (e.g. durations, survival rate and inactivation) of SARS-CoV-2 virus droplets under a typical indoor environment in Middle Eastern countries?. The research question is very crucial in providing novel strategies and intervention approaches to tackle the transmission of the deadly virus not only in Middle East, but also in other countries/states/territories across the globe where similar poor indoor environmental conditions as a result of their harsh ambient weather conditions exist.

According to [@bb0135], the major determinants of incidence/transmission of disease in the population include customs, traditions and social environmental factors. In the case of Middle Eastern countries, burning of incense (locally called Bakhour or Oud) in indoor environments (homes, restaurants, shopping malls, and offices) are the most common cultural practices ([@bb0015]; [@bb0020]; [@bb0080]). There is a piece of evidence that incense burning produces large amount of fine (PM~2.5~) and ultrafine particles (UFPs; aerodynamic diameter \<100 nm). For example in United Arab Emirates (UAE), burning of incense produces a median concentration of 36.95 and 6.20 μg/m^3^ for PM~2.5~ ~--~ ~10~ and PM~2.5~, respectively ([@bb0155]). [@bb0050] also found 1420 μg/m^3^ of PMs, including PM~2.5~ and PM~10~, during the peak period of Arabian incense burning in a living room. This habit is rampant and it deems as cultural practices without any consideration for future health impacts since there are no current regulations on the duration, intensity and type of incense burning in these countries ([@bb0125]). For more than two months now following the outbreak of COVID-19 disease from Wuhan, China, the world including Middle East countries are still reporting of high cases of COVID-19 disease with very low recovery rate ([@bb0150]). In the case of Middle East countries, it is imperative to assess the impacts of PM emissions due to incense burning and the virus transmission in indoor environments. [@bb0085] have mentioned that there is a possibility of inhaling PM bearing solid materials (with aerodynamic diameter of \>5 μm) produced from virus-laden droplets after evaporation. There is still an unanswered question about whether indoor PM~2.5~ and PM~10~ emissions due to the burning of incense could carry SARS-CoV-2 virus and increase the spread of COVID-19 disease in Middle East countries?

While recent findings have demonstrated the transmission of the virus through bioaerosols produced from an infected person ([@bb0095]), it is important to critically evaluate how PM emissions from incense burning could increase the spread of the virus. In Italy, which was an epicenter for COVID-19 disease, the contribution of daily ambient PM exposure levels and rate of the virus infections were investigated. The study found a strong positive correlation (R^2^ = 0.97) between a number of infected people with the virus and exceedance of PM~10~ levels (50 μg/m^3^) across seven provinces based on lag14 days ([@bb0120]). According to [@bb0065], the virus infection could mimic the spread of other air pollution-related diseases, and thus, SARS-CoV-2 virus droplets of 0.3--2.5 μm and 2.5--10 μm could be carried by PM~2.5~ and PM~10,~ respectively. Therefore, indoor environments of Middle Eastern countries, where PM~2.5~ and PM~10~ are mainly produced by incense burning ([@bb0020]; [@bb0055]; [@bb0125]), have the potential to spread the virus despite lockdown strategies adopted by these countries. This situation may be exacerbated as wearing of masks have not been currently regulated in homes and public places (malls, restaurants and offices) in most Middle Eastern countries. Furthermore, the building architectural design in these countries which do not support natural/mechanical ventilation, may lead to buildup of PMs carrying virus droplets/particles and increase the spread of the disease due to lack of ventilation.

Based on the above pieces of evidence and assumptions, it is imperative for the governments of Middle Eastern countries to acknowledge that SARS-CoV-2 virus prevention measures need to also consider indoor local environmental conditions due to building architectural designs and socio-cultural practices. It is highly recommended that these countries need to recognize that lack of indoor building ventilation, low indoor air temperature due to excessive use of air conditioning systems and burning of incense (causing PM emissions) will increase the infection of SARS-CoV-2 virus unless immediate actions are taken. We advise that datasets that will be gathered through research concerning the above potential cofounders in the course of this pandemic will provide valuable knowledge on combat the future viral outbreak.

To sum up, based on the theoretical knowledge from computational fluid dynamics, aerosol science and ventilation inbuilt environment technology, we wish to draw the hypothesis to Middle Eastern countries that PM emissions due to indoor burning of incense, poor building ventilation and low indoor temperature may increase the spread of SARS-CoV-2 virus. In view of this, we highly recommend the relevant government agencies and scientific research communities to assess these factors so as to better understand how they affect viral transmissions of the virus to help control of future viral infections.

Declaration of competing interest
=================================

Authors declared no potential conflict of interest.

This study was supported by Ministry of Environment and Climatic Affairs (MECA) of Oman under Grant Number CR/DVC/CESAR/16/05.
